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In apurelytheoreticsense,thedynamicalinfluenceof darkenergy rapidlyde-
creasesabove redshiftsz � 0 � 6. Moreover, anidealizedFishermatrix calculation
showsthatthe“sweetspot”of sensitivity to theequationof statew liesat z � 0 � 3.
So why areobservationsat z � 1 necessaryfor characterizingthe dark energy?
Theanswerlies in thebreakdown of theidealcase:

� Systematicerrors

� Cosmologicaldegeneracies

� Darkenergy modeldegeneracies

Therequiredsurvey depthdependson therigor of our scientificinvestigation,
how muchwe arewilling to assumeabouttheotherparametersenteringinto the
determinationof thedarkenergyequationof state.A precisionestimateof w could
in principlebe carriedout with an experimentobservingsupernovaeonly out to
z � 0 � 3. But theaccuracy of this valuewould beuncertain,subjectto biasfrom
breakdown of assumptionson other, degenerateor congenericparameters.(Con-
generic – resemblingin natureor action– alsohastheconnotationof a molecule
thatactsanalogouslybut yieldsa quitedifferenttaste).

First we addresstheshibbolethsof thesweetspotandthedynamicinfluence
range.Both arecorrectin a formal sense,but fail in reality dueto theweakness
of their underlyingassumptions.The sweetspotderivesfrom the Fishermatrix
in a processthatrelieson parabolic(gaussian)behavior of thelikelihoodsurface
aroundthe fiducial parameterset. This holdsonly in the absenceof correlated
errors(e.g.systematics)andanexactlyknownmatterdensityΩm. Sotheprecision
determinationof w � z � 0 � 3� , say, hasonly limited meaningandlimited accuracy.
SeeFigure1 for anillustrationof theroleof systematicsalone,with nodegeneracy
contributionfrom thecosmologyor darkenergy model(i.e.fixedΩm, constantw).
Plusthesweetspothaslittle leverageon thevalueof w at otherredshifts,i.e. the
timeevolution w1.

The dynamicalinfluenceargumentrelies on a putative measurementof the
darkenergy densityΩw at a specificredshift,in comparisonto themattercontri-
bution, achieving equalityat zeq. The issueof thechangeover from accelerating
to deceleratingexpansionis analogous.But theintegralnatureof thedependence
of the dynamicalrelations(e.g.distances)on the parameterspreventsthis from
beingmeasureddirectly. Evenatightly controlledtomographicexperimentyields
only H � z � directly, still involving anintegrationover w � z � . This causesaninertia
thatstretchestheimportanceof thedarkenergy to higherredshifts.For example,
saythetotal dynamicalequationof state(which itself includesbothw � z � andits
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integral) crossesfrom lessthanto greaterthan � 1	 3 at somezac, themarkof the
accelerating-deceleratingtransition.This doesnot show up in a directobservable
like theturnoverof themagnitude-redshiftdiagramuntil perhapsa redshift2zac.

To seeevidenceof theaccelerating-deceleratingtransition,akey discriminator
from genericallymonotonicsystematiceffects,we areforcedto redshiftsz � 1,
eventhoughthetransitiontakesplaceatmuchlowerredshifts.Figure2 explicitly
demonstratesthedynamicalinfluenceof darkenergy atredshiftsmuchhigherthan
theformal equalityor accelerationtransitionvalues.

Similarly, to disentanglenonmonotonicbiasessuchasadifferentvalueof Ωm

one is driven to z � 1. While the besthopeis accuratecomplementarydeter-
mination by a probeinsensitive to or dependingdifferently on the dark matter
properties,givensomeremainingfinite uncertaintyonemuststrive for aslong a
redshiftbaselineaspossibleto maximizethe distinctionbetweenthe equations
of staterequiredto fit thedata.Evenwith a pinneddown valueof Ωm, our abil-
ity to distinguishdark energy modelsimproveswith a greaterredshiftwindow
asvery differentscalarfield potentials,andhencephysics,canstill yield similar
magnitude-redshiftrelationsover a finite range. This is especiallyexacerbated
at low redshifts. For examplethe time, or redshift,variationin the equationof
state,e.g.w1, is poorly determinedfor low redshiftexperiments,with a steeper-
ror dependenceat z 
 1. Figure3 illustratestheseconfusionpossibilitiesfrom
cosmologicalanddarkenergy modeldegeneracies.

What in principle looked easyin an idealizedcasebecomemore difficult,
but still well within reach,in a realistic treatment.The following graphsshow
in moredetail how the redshift rangerequiredto attaina certainparameterac-
curacy changesas one discardsassumptionsin turn. Figures4-6 demonstrate
the influenceof relaxingthe assumptionsof a perfectlyknown Ωm andno sys-
tematicsfor threedifferentsurvey depths.Themodelfor thesystematicerror is
σm � 0 � 02 � 1 � 7	 zmax ��� 1 � z �
	 2 � 7, irreducibleover a 0.1 z bin. Themainfeatures
of thisansatzis anerrorincreasinglinearly in z (or 1 � z), notvanishingasz � 0,
andlargerat agivenz for ashallowersurvey.

Themaineffectof thesystematicis to extendthecontoursin thew0 � w1 plane
alongthemajoraxis,i.e.degradingtheestimatesof bothparameters.Uncertainty
in Ωm tendsto fattenthecontours,but keepthem“kissing” to thefixedΩm case.
Notethis impliesthatsometimesamerequotationof thelimiting errorswouldnot
turn up thefull degradation:for examplein thezmax � 0 � 5 or 0.9casesthelimits
on w0 or w1 changerelatively little by increasingthe uncertaintyin Ωm, but the
areaof theerror regionsincreaseby up to a factorof threeasa new degeneracy
directionenters.Soonemustbecautiousin dealingwith simplequotessuchas
“this determinesw0 to � 0 � 07.”

Figure7 shows thebestandworstcasecontoursfor eachsurvey depth:those
with both ideal assumptionsvalid, andwith both invalid. Hereoneclearly sees
severalimportantproperties:

1. w1: A shallow survey is incapableof appreciablylimiting w1, evenfor per-
fectassumptions;amediumsurvey fails whentheassumptionsarerelaxed.
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2. Depth: While thereappearsto be relatively little differencebetweenthe
resultsof a zmax � 0 � 9 and1.7 survey underthe idealcase,e.g.estimation
of w0, w1 relaxesby 0.02,0.13, for the imperfectcasethe 1σ constraints
degradeby 0.09, 0.34. At higher z the leverageon systematicsimproves
suchthat themain influenceon thedegradationis thedegeneracy from an
uncertainΩm.

3. Like to like: Experimentsshouldbe comparedunderthe appropriateas-
sumptions.An idealizedz � 0 � 9 survey claimslimits on w0, w1 better by
0.01,0.07thanthe imperfectz � 1 � 7 one,in constrastto theabove like to
likecomparison.

On anotherlevel, onecouldcompareSNAP, say, with surveys with different
depthsandsystematicsto obtaina clearview of their relative impact,within the
ansatzpresentedhere. For exampleone could placeconstraintson the ampli-
tudeandslopeof systematicssuchthattheresultsfell within a certainpercentof
SNAP’s. In thequantitative limit onewould of coursewanta full modelof each
survey for comparison.But morequalitatively – andin a lessmodeldependent
manner– the discussionin the first part of this noteandthe plots in the second
part show that näıve relianceon argumentsof the sweetspotanddensityor ac-
celerationtransitionsprove insufficient andmisleadingfor understandinghow to
probethedarkenergy.
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Figure1: Thegaussianerrorestimatedin aconstantequationof statew vs.survey
depth.In anidealizedview oneimprovestheerrorsalmostto theasymptoteby the
sweetspotat z � 0 � 3. Howeveradditionof a systematicerrordrasticallychanges
thesituation,evenkeepingidealknowledgeaboutthecosmologyanddarkenergy
model.
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Figure2: Dynamicalinfluenceof dark energy persistssubstantiallybeyond the
redshiftsof equalityor theacceleration-decelerationtransition.Thecurvesshow
themagnitudedifferencefrom a cosmologicalconstantmodelwhenthedarken-
ergy is ignored(treatedasordinarymatter)above differentredshifts.Detectable
influenceremainsevenat 5zeq.
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Figure3: Degeneraciesdueto thedarkenergy model,e.g.equationof statevalue
or evolution,andthecosmologicalmodel,e.g.valueof Ωm, cannotberesolvedat
low redshifts.Only at z � 1 � 7 do theseverydifferentphysicsmodelsexceed0.02
magdiscrimination.
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Figure4: The effect of breakingideal assumptionsfor a survey out to z � 1 � 7.
Contoursare1σ projectedin eachvariable.
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Figure5: The effect of breakingideal assumptionsfor a survey out to z � 0 � 9.
Contoursare1σ projectedin eachvariable.
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Figure6: The effect of breakingideal assumptionsfor a survey out to z � 0 � 5.
Contoursare1σ projectedin eachvariable.
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Figure7: The role of assumptionsandsurvey depthon cosmologicalparameter
determination.Inner contoursof eachtype show ideal assumptions,outerallow
realisticbreaking.Onemustbecarefulin usingsimilarassumptionsin comparing
experiments:notethatanidealizedz � 0 � 5 survey appearsto domuchbetterthan
a realisticz � 0 � 9 one. But deepersurveys amelioratethe effect of systematics;
a realisticz � 1 � 7 experimentprovidescomparablelimits to anidealizedz � 0 � 9
one.
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